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Abstract / Summary

The impulse response.of terrain to Altimeter (S 193)
Model I, périodic pulse train signal and its verification consists
- of ground truth and terrain topographic data coilection as well
as sky lab data procurement and computer analysis, and finally
the cross correlation between the sky lab data derived impulse
response and that obtained from the corresponding topographic
data. The ground truth and topographic (elevation) data
were éollébted and reduced for Oregon Coast (SL #2) and Colorado
overpass (SL #3). Seven track sky lab data was replaced by nine
track data by December, 1973 in order to save excessive computer
‘cost Retrieval of data usable in this étudy was initiated
by late-February 1974. Computer programg. for calculationg the
terrain impulse response from sky lab data were ﬁritten, dry
.rﬁn, rewritten and modified, They are ﬁow considered operational.
The-matter of frequency and time resoluﬁion'in‘cqmputercaiculaﬁions
is still receiving more study. |

A significant result for this period was the realization
‘ that the phase information, normaily lost in envelope detec-
tion and sampling, could have been preserved‘if the samples
were taken at the peaks of the carrier frequency at intervals
equal-to a twice or an integral multiple‘of the integral number
of its period. Thus the Skylab S 193 Model I altimeter data
does not contain phése information in accordance with the tech-

nical information obtained by us from NASA and Lockheed téchnical



personnel. Another significant discovery was to learn that the
eight return pulse samples don't belﬁng to the same pulse but

represerit an average over many pulses.



INTRODUCTION

The work for the period September,-1973 through March 31,

1974 is covered in this'quarterly report, since the skylab
data‘received until November 30, 1973 was not considered sufficient
to yield any significant practical results. The reason was
that skylab data received until November‘Bb, 1973 was in Seven‘
track—magnetic tape format,.and the reading of that data and
reformating it to meet our Univac nine track requirement would
have been excessively expensive and noﬁ possible within the
budget provided. The request for nine_tr;ck tape was processed
- by NASAfLBJ_Space Center, and the first nine track'data tape
-on S 193 Altimeter Mode 1 was received in late December, 1973,
(Future reports shall be submitted quarterly.) Then it was
possible to dry run our computer programs on that data to veriﬁy
basic needs as to resolution in time and frequency domain for
the terrain'impulse response calculation from this data.

Various aspects of our work under_this contract with their
" present staﬁus are listed below under separate subtitles.

l. SKYLAB-ALTIMETER DATA

(A) S 193 Altimeter‘Modéul: Since the start of and receipt .
of the nire track magnetic tape Altimeter (S 193) Mcode 1 data
in December,the following.data tapes have been received:
1. sL-2 Projeét No. 8552C Nasa tape # 906153 (519313_10}_2_1_
Covering Oregon Coast 'Tipe; 150-20-35-41 73-3)

. Thru: 150~20~46-45
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2. SL-3 Project No. 8550 Nésa tape #(5_93_100-01-12-72A)
_ Covering Colorado Time: 215—17-54-13907259
| ‘Thru: 215-18-16-29
3. S8L-2 Project No. ‘Nasa tape # 906154‘5 |
‘Covering the Gulf Coast and Montana Time: 166~15fb3—30
| | 160-15-07-14
160-15-11-35
160-15-18-4
"4, BL-3 Project No. 8550 Nasa tape # 5193_13_099_01_42,73_3
Covering Mexico and western part of Texas
| Time: 258-16-23-06
258-16-45-05
258-16-23-9
258~-16-18-4
Since we are unable to associate tapé numbers three and four
above with preplahned flight and sites for Altimeter Mode 1
ovefflight,_although efforts to salvage usable information
f rom tares is continuing to be made. Data from Tapes numbers_
one and two was taken over the sites assigned namely # 851167
and # 398295 respectiveiy, and hence his data is being analyzed.

{B) £:191 and 190 and Associated Data

Other associated data including transparencies of chdr film

shots covering two sites have been received fbr SL-3 corresponding
to dat tape numbers two and four above since January 1974.

An exact coordinate match is underway forvisuai-VErification-

of data.



(C} ' General and Specific Information

The product S073-5 for S193 Mode I has.been requesfed for sites
covered for this study, since only eight point'pulse data 1is
available, and the resolutioﬁ enhancement is a major concern

as discussed below.

Ground Truth Data

The ground truth data consists of such factors as moisture,
rain fall, foliage; season, man-nade effects such as timber
cutting, mining of farming, forest fires etc,, type of forestation,
Crops oOr grass eéc., and topographicai data. The status of this
work to date of the Oregon and Colorado sites is as follows:
l._ Site wisit completed | | o
2. Photographic and visual informatién on landscape,
foliage, crops, or forestation, man-made effects collected
3. Topographic maps have_been read, and data collected |
4. Ground track of skylab has been delineated 4n order

to pinpoint any special features along it

The §-193 Altimeter Mode I_data.over the Texas Hats Site
apparently was not taken during all skylab passeé, and therefore
the ground truth_along the overpass‘over the planned Hats site has
not been compiled, althodgh topographic maps for this planned

overpass were procurred .



Topographic Data and Analysis

The resolution of topographic dataris 80 feer for‘all guad-
rangles in the Colorado overpass except for the quadrangles of
Nucuia, Silverton, Wolf Creek; Chama Peak, and Brazos Peak:; for
which the 208 feet resolution data will be interpolated to yield
points 80 feet apart, resulting in expanding these sectional data
points by a factor of approximately 2.5 . Similarly, the resoiution
for the topographical.data for the Oregon overpass data is 208;

feet,

This data is ready for correlation analysis using a moving
- window, which is equivalent to arperiod_of the §-193 pulse, so
that the pathlength on the ground illnminated by the altimeter pulse
could be the same as the width of the window in our data processing.
The only delay in initiating this processing is the receiprlof de-
tailed 1nformat10n on the S$-193 transmitted pulse shape, since the
-p01nt of return form the ground shall depend on cT/2 where c is the
veloc1ty of light.or 3 x 10° meters/sec and T is the effective pulse
nidth, which‘is approximately 72 to 100 nanoseconds. o
Furthermore, it has just come to our attention that in $-193
pulse shape experiment Mode I, the eight.samples are so taken that
rheseé ‘
a. do not belong to one return pulse

b. are not consecutlve in information sense, except in some
"average" sense.

c. can not be said to represent a single foot print of S 193
beam on the ground -



The Skylab Altimeter S-193 Mdde I pplse.data was taken using
a ﬁuise train with a nominal pulse ﬁidth-of 100 -nanoseconds and a
'repetition rate of 250 pulseé per'second. Furthermore; the return
pulse was sampled eigﬁt times during eaéh puise dufation, and the
sample spacing was 25 nanoseconds} This would yield a spatial sampl-
ing rate,for the terrain under the skylab,of a sample every 84,5 feet.
Sincelthe skylab ground speed is approximately 4 miles per second or
21 feet per millisecond. Theréfore the pulse_period is the eguivalent
of 4 x 21 = 84 feet on the ground. |

'An exact detail of sampling method or routine has been requested
from NASA for a clear understanding of which ground samples, the aver-

age received pulse represents.

- Transmitted and Received Pulse

‘ In Mode I pulse shape S$-193 Altimeter éxperiment; dﬁe to no de-
tailed information on the shape of the transmitted pulse x(t), it
' was assumed that it was an ideally square pulse of 13.98 ghz carrier.
‘Latér on inquiries on the rise and decéy time of this pulse led us to
find out that the pulse shape is indeed not séuare , but somewhat
‘gaussian; but again the details of the clipped gaussian pulse are not,
to this date, available from either NASA or NASA Contractors, such as
_‘Logkheed Electronics and Regearch Triangle Inc. in North Carolina;
although these are expeéted to be rECeiVéd before the ne#t guarterly
report is issued. |

The importance of the shape of this transmitted pulse is demon-

strated by the Fourier Transforms given below:



Case I: 'Rectangular Pulse.

If the envelope of the transmltted pulse ‘% (t) has a perlod T and
pulse width a, then its Fourier Transform palr would be given below:

{,0 OTRERWISE oVER -..I;z’_c't‘-T/z_
o) ot
= C. e~ .J“Jn | |
- ) S xey exp@uaddt = (i1 —a5ars
1-
where wy, = nwo = 2mn/T

Futher more the power spectral den51ty P (f) - would be given as:

P = Xbl= § Cn) 5 (w0-ton)

with phase angle spectrum

CP d:) LSmasngS Pack ¢ Cn /Ecu& pact of C“)

Case II: Gausian [approximated by {sin x/x) form]

If the envelope of the transmitted pulse x(t) is approxlmated
by an gaussian curve, as understood by telephonic 1nqulry as of Aprll
1, 1974, then its Fourier transform pair shall be given as:

A(s\‘n bt /H") L —0 < tLao

bt
_ | o l%l<
T2 ‘ W, =b

6 . TR

Sonce e Gelowing  tifegudl helds



g(sm ot Cos xt)/¢- | T Xl 4w
- . ]
2 X =2
[ Xl >a

Note again that the phase spectrum is zero here as well,

Cage III: Truncated Gauss:.an Pulse

The real case of 5-193 Mode I pulse is closest to a truncated
gaussian pulse., For J.nstance, let us say over, one period, one may
write x(t) = A exp (=K2t?) -T/2< t <T/2 and its generalized
fourier coefficient C shall be defined as:

no

| A s ok |
and . C_n = Q/_r) g f—"f" (._.-fh_‘i: -3 Qﬂ ) +

Let Kt = t, and therefore kdt < dt, and hencé
na |
(2'/1’49.) g 2yps (=t ) Cos Q’O”/‘h*l
?..

- )T ) %vf s w{@ﬂ“’%@

y 4
X<kl

Ainee S\'Q’LP(_"L) "27'? “ d—)("‘ |
LU\\LV-Q -—?.Y-F(x) = G/Jﬁ> _ ”g e-pr—'&L) 4+ |

Eﬁ %‘ =SS E' p-ed GRoSSMER'_QHﬁ'i—YGI'*-PY.]
2% .
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- Upon substitution of limits in the Vaiue of Cn, one obtains:
Cn = (Z/Tk)(H/lG)1/2exp(Wﬂ/2k)2[erf(kT/Z-jWn/Zk)+erf(kT/2+jWn/2k)
| -2erf(jWn/2k)] |
since erf (-x) = erf (+x)
It is important to note that the power spectral density of x (4)

_is lcnlz, and its phase spectrum is not the same as in cases I and II.

~Case IV: Truncated Gaussian Pulse with Fast Drop Off.

In this case the Fourier Transform ihtegral for Cp in the
previoué case may be modified to extend its upper and lower limits
to infinity since the pulse is already assumed to have dropped to
negligible and essentially zero amplitude before reaching the
limits of its period., Thus we would obtain:

Cn % x(£)n = (2/T):Texp(-k2t2) cos w t dt
(2/T) (1/4k2 )2 exp(-w2/4k2)

Note that in this approximation the power spectral density of x(+)
in a given period is essentially the same as that obtained in
Case III but its phase spectrum is zero as was the case in Case I

‘and Case 1I.

- Importance of Power Spectrum and Phase Angle Spectrum in Impulse

Response Calculations.

The results obtained above will now be shown to have sig-
nificance in this Study, where the power and phase spectrum
of x(4) is needed to calculate the impulse response of the terrain

radiated by S-193 pulse. Let the received pulse be y(+)}, and its
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power spectral densit§ Py(w), the phase éngle spectrum Py (w), ahd
the corresponding values for x(4) as P, (w) and ¢g{w). Then the
Foﬁrier Transform of h(4), the'terréin impulse reéponse is given
by the following relationships: -
S Y(@wy = X(w) HG W)
Pow = P, oy R(w)

B = P> + G
and therefore

“ _ Y \

o= £ § R exp 400 du e w7 (O Top 0054

In this connecgzsn the Fast Fourier Transform technique
was used to solve for h(t) given the eight sampled values of x{{)}.
A typidal program for this effort is attached and it is the result
of extensive computer analysis of data—saméles of the type available
from S-193, with basic intent to enhance resolution of the h(+).

' Most early programs yielded a quick drop-off of the values

of h(4) for t greater than zero. 1In fact the first value, for the
- data shown on attached pages Al-A6, would be 176-51 and the next
would be 0539, A special technique of padding data with optimum
number of zeros has now yielded at least 4 to 8 point resolution.
In this effort eight $-193 return.pulse‘sample values are extended
to 256 points by adding 24é zeros at the gnd} and assuming that the
phase angle information for the eight points is unknown and assumed
zero as is the case of envelope detection.

Other programs with phase angle imput, Qith eight points
of x(4) were also tried and the results wére significantly interesting.
A close analysis of this part of the work reveals that this system

-

would have been much more effective for such work and all other
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surface effects if the pulse samples were taken at the peaks of
the carrier signal and synchronized to the starting of the pulse
‘at its positive zero crossing, and thus preser¥ing its phase informa-

tion.

Conclusion:

Recommendation for a new simple téchnique has been advanced
to enhance the capability cf 5-193 Mode I altimeter pulse shape ex-
periment. Futher work on the traﬁsmiﬁﬁed_pulse shape specificatiocn
and its effect on the impulse response of terrain shall be reported
in the next guarterly. Futhermore cross correlation betweeﬁ
different skylab data and the impulse respdnse calculated shall be

reported in the next report.



®FOR.US

SKYLAE .MAIN, .MAIN

/3

AFOR 5011°Q4/04/74-13:47234-(2:3)

" MAIN PR

'sronAaE

OGRAM

USEDE

.-

CODE(11_000277, nATA(l) 010103. BLANK COMMON(2)Y 600000

"._ EXTFRNAL REFER NCFS (BLOCK.1NAME$Efﬁf;f:fo3

0003 . FOURL -
0004 . NINTRS =
0005 . NRDUS .~ )
N006 - NI1O1% . _
0007;+ NIO2§ . -
9010 % NWDUS
. 0011% SQRT .
C. 0012 ATAN2
S 0013 SIN
.0014 - COS. s
50015 j‘Nstops' v o
' sTGRALﬁ ASSIGNMENT (BLOCK. TVPE, RELATIVE LDCATION, NAME}
oonn‘fwo;nozo 100F - noooig,o1u022 101F 0000 010032 102F
0000 - 010037 107F 0001 ‘000024 111G- .~ 0001 000033 1208
Q001 . 000114 155G -0PO1 . 000147 170G 0001 000162 177G
0000 R 010016 AMEAN - - DOOD R 007060 ASPECH  06D0 R 003000 ASPECY
~ DO0O R 0GODO0 DATAY' - - 0000 R 010017 FM . oceo { 010014 ¢ .
pooo 1 010012 NSIG - - 8000 R 0C60C0 PSPECH . D000 R 002000 .PSPECY

go0100 1=
00100 . 2% .
00100 . 3e
00101 = - 4w
60101 @ v 5® Lo
06101 . 6w T
00101 - 7%
00101 B+
go1nL . 98
60103 - 10e ..o
00104 T 11s -
60105 . - 12e
a0306 13+
0106 14®
00106 . i5¢
00106 - 16+
00107 . 17e
30115 | 18&
00116 - 19e=
60117 20w
ggi22 . 21w .
00123 22+
a012% 23w
00126 - 24w
- 00130 - .. 25%
00131 - 26%
00134 278

Cﬁ**&###ﬂiﬁﬂdﬂﬁwl!éﬁ&#****#ﬁiﬂﬁ#iiwﬁﬁﬂ*#ﬁ#ﬂﬁ&&}ﬂ&Giw“&*wﬁiﬁﬂw

C DIMENSION VARIABLES. . . Co oy

. Cemubassnssade” aGO#§**&§*n#ﬁiﬂ#iﬁiﬁﬂbﬁﬁﬁﬁﬁﬁﬁbﬁﬁﬁﬁﬁﬁﬂ#&1*#6#{#

DIHENS!GN DATAY(2,512),PSPECY(512) ,ASPECY(512), . ..

1 "DATAH(2, 512),PSPECH(512) ASPECH(512), 7 -
g PTS(8) . - - S
“'Caa*ﬁa#n&aau*n ’#ﬁﬁai*ﬂ*#ﬂi##ﬂ&ﬁﬁ&#*iii§ﬂ#ﬁﬂ§i*:&*iﬂﬁ&ﬂ*ﬂﬁﬁil
c ASSIGN FOLLOWING == - - S
Ciunﬂnﬁﬂ#ﬁ&-ﬁaw*n;n*unau*ﬂa*uaa&*&**naa*auﬁuau*aunvauaaaﬁnﬁaij
NPTS = .8 EE | | |
‘NPHWR = 512
- . NSIG = 256

CONST = 8468-

Cﬁ*ﬁﬂﬁ@&#ﬂﬁﬁﬂﬂuaGﬂﬁﬁﬁiﬂﬁﬁﬁvﬁliﬁﬂﬁﬁﬁﬁﬁiﬂﬁlG*ﬁﬂﬂwﬁﬁ#ﬁ#ﬁﬂﬁ&ﬂﬂiﬂ#

C READ .IN POINTS.

 Carzmudaraassoo :nausn*a4*5u*na;naa**naa;aaiu&u;aaaﬂwuaﬁnaangﬂ

READ (5,100) (PTS(I):I-l NPTS),

100 FORMAT(4F16 3)

SUM = 0.0 R
DO 1 I = 1,NPTS ,_M‘gj
SUM = SUM + PTStI)

1 - CONTINUE .

AMEAN = SUM 7| FLDAT(NPTS)
WRITE?(6, 101). '

10%  FORMAT '.THE FOLLOWING PCINTS - MEAN WERE READ. 0yl

DO 2 1
 PTSCIY

1,NPTS _ _
FTS(I) - AMEAN T ol
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90135 - 286 WRITE (6.102) 1.PTS(1)

0141 29+ 102  FORMAT(' POINT(',I3,')= *',F16.3)

30142 30e 2 CONTINUE o ‘ :

001472 . J1s I IEYTEREEET S T ERT R EE TR X AR R R Y T TR 8 S A R P g ey
£014a2 32 - C . GENERATE Y POINT "ARRAY.

00142 T 33s Cetionansaanda’ reBEENBER G uuuauanannunna;aaﬂaanﬁ!bnuﬁuazaoaaoo
60144 34 D031 = 1,8 :

00147 - 35+« - DATAY(1,1} = PTS(I) -,

00150 36 . DATAY(2,1) = 0.00000?3

0C1is1 C37e 3 CONTINUE : S

00151 ‘ 38e - - Cﬁi:*a#u#bﬂﬁﬂﬂn"l##wﬁ&#ﬁﬁﬁ*ﬁ%ﬁ&ﬂﬁﬂ&&i#i:ﬂﬂﬁb#& ﬁaﬁaaﬁﬁﬂainﬁai
00151 39+ °  C ' . COMPUTE FFT. POWER SPECTRA AND ANGLE SPECTRA OF Y.

00151 40 Caenpaidratosrpn’ §ﬁ4§§§v§whﬁaGi&ﬁ#i#h#ﬁ#ﬂiﬁﬁ#ﬂﬁ##ﬂ#ﬂ2{5#&"}‘#
00153 41s , © CALL FOURl(D'TAY NPHR,+1),; '

00154 - 42'_,'A o DD S 1 =1, NPHR . B ' ’ ' R
00157 .. 438 .. PSPECZY(1) = DATAYtl 1yes2 + DArAy(z 1).;2 o ';?' IR
00160 " - 44s.:° . - PSPECY(I) = SORT(PSPECY(]))- . L
00161 . ~45e " .. - PSPECH(I) = PSPECY(I) . : |

00162 ~  -468- - ASPECY(1) = ATAN?(DATAY(Z 1) DATAY(i I)) -

00163 = 47+« 5 - CONTINUE - o
00183 - 488 Ci*&ﬂ#&m&##nﬁﬁﬂﬁi#ﬂ#&*iﬂ%ﬂ&iﬁi%&#&*ﬂﬂGi##ﬂ#&#ﬁiﬁ#&%*ﬂ#ﬂ#GI&&G_ A
00163 - 49« Cc SET POINTS FOR X. : .
00163 - 50% - .C§§%#§§wﬂﬂﬁﬁﬂﬂ 5#bi*&*ﬁ##Gﬂii#ﬂi###i#ﬂﬂ#aﬁ#ﬁ#ﬁ#4§#w6nﬁﬂiﬂﬁﬂlWF;
g0165 _-751#;-:77"; ASPECH (1) 0. 00000 :
00166 .- 52« .. .~ . fM = 0. 00000 A

00167. "~ 538~ " " DO & 1 = 2.NPWR~

00172 .54 . FM = FM + CONST'f

00173 - 58e » - ASPECK(I) = SIN(FMJ

00174 ~.5e - 6. . CONTINUE ‘ : : . :
09174 . 57# - Cc*#ﬁﬁﬂu!awﬁii’“#G*ﬂﬂﬂiaﬁa*uﬁnaﬁnnaﬁuaﬁﬁﬁaiﬁﬁuevﬁaanﬁuﬂuﬂﬁicﬁ-{f
§o174 - 58# - . C - COMPUTE POINTS FOR H.- ) - e ;;“
00174 598 - Canﬁaunounaﬁana_uanu#&inGﬁﬂ*ﬁu&vqgﬂsﬁauyeghanéuﬂu#ahi*ﬂiiuagi -
09176Jﬁ11_69ff LT DO 8 1 =-1:NPHR" & : i
'0020133ﬁﬁ%61#”j C - ASPEC H(I = ASPECY.(1) .= ASPECH(I) ' o

00202 . 628 . .-~ . DATAH(1,1) = PSPECH(1) = COS(ASPECH(I)) °

ap203 - 63w - DATAH(2,1) = PSPECH(I) = SIN(ASPECH(I))

00204 64% 8 CONTINUE - :
'00204 ‘651}. - Cornopntntadode aq»ba-#a»#a%u441-I-vnaaﬁai&ag&;*;#*#n*aaavﬂuﬁ&éwi&l}ﬁ
00204 . 668 C COMPUTE INVERSE FFT OF H. . -
00204 " 6?p Cﬁ#“ﬁﬂ-ﬁ-ﬂ##ﬂ—bﬂ# “*#&ﬂ-b###wi‘ﬂ-#iﬂ*ﬂ-ﬂ-iﬂ'-ﬁﬂﬂ'ﬁﬂ-ﬁﬂ-#vﬂ-ﬁﬂ'i*Eﬂvﬂﬁw*iiiﬁ'ﬁ
00206 68 - CALL FOURL(DATAH. NPHR.-l) .

goz2p7 - . &9e ‘ D0 10 I = 1,NPWR - ' ' ‘

o212 . 70% - ' PSPECH(1) - = DATAH(1, I)ﬂ*2 + DATAHI(2, I)aqz

00213 L 71e . -7 .. . PSPECH{I) = SQRT(PSPECH(I)) :

po214 - 72e i : ASPECH(I) = ATANZ(DATAH£2 I) DATAH(I I))

00215  73%- 10 CONTINUE " NP |

00217 - 74+ o NRITC{6,‘U7} DO L &

00221 . 75+ - 107 FDRMAT(ZSX.'SPECTRA DF iNvERSE BATA Hot)

on2z2 - 76% o WRITE (6.,105) . AR

poz2z4 - . 77m © . 105 ' FORMAT (1H1, 1X ! FREQUENCY'.2X. POWER SPECTRAi.ZX}.

60224 - | 78 - ~1' ANGLE SPECTRA') :
p822% . 798 o DO 11 1 =.1,NSIG . ' .
00230 gge WRITE(6,106): 1., PSPECH(I)-ASPECH(I) AT e
00235 - 81# 106 FORMAT (1X,112.,2X, r14 3 2x F14, 3) s e e
09236 - B2« . 11 .CONTINUE '

00240 - ‘83*r”=~',_n: ‘STOP

00241 .. 84%..- . .. END-

_EMD OF COMPILATION: N0 DIAGNOSTICS.
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